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Sunday, February 26, 2012 77acharges present in bacterial cell membranes, while the tryptophans prefer the
membrane-water interface. We have combined solid-state 2H and 31P NMR
and fluorescence experiments with all-atom and coarse-grained molecular dy-
namics simulations to investigate the interactions of LfB6 and C6-LfB6 pep-
tides in bilayers composed of two distinct compositions: 3:1 POPE:POPG
(anionic) and POPC (zwitterionic). Previously we reported that the arginines
of C6-LfB6 are first to associate with POPE:POPG; whereas in POPC the C6
tail associates first. Solid-state 2H NMR experimental results confirmed that
the lipid order parameters are not significantly changed when C6-LfB6 is
bound to negatively-charged membranes, while a slight decrease in order is
observed for zwitterionic membranes (Romo, et al. 2011. Biochim. Biophys.
Acta. 1808(8):2019-30). We now compare these results with those for non-
acylated LfB6 peptide. Solid-state 2H NMR spectra of mechanically aligned
samples reveal that the order of POPC and of POPG is reduced in the presence
of 1 mol% LfB6. By contrast, POPE shows an increase in order and some line
broadening. 31P NMR spectra indicate little effect on the lipid head group for
either peptide. The Trp fluorescence emission maxima are blue-shifted for
LfB6 (340 nm) and C6-LfB6 (336 nm) in POPE:POPG, compared to POPC
(353 nm LfB6 and 348 nm C6-LfB6), suggesting that the Trp residues are
less water-exposed in the anionic lipid membranes and when the C6 acyl
chain is present.
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Lipoproteins are lipid-protein complexes which facilitate lipid transport
throughout the body. The proteins which bind lipids to form these complexes
are called apolipoproteins. Since apolipoproteins play essential roles in lipid
metabolism, their dysfunction is associated with numerous diseases. There-
fore, it is vital to gain a detailed molecular understanding of their interactions
with lipid. In this work, we investigate the site-specific membrane interac-
tions of apolipoprotein C-III (apoC-III) by measuring the steady-state
fluorescence and time-resolved anisotropy of single Trp containing variants
(W54F/W65F (W42), W42F/W65F (W54), W42F/W54F (W65)) in the pres-
ence of sodium dodecyl sulfate (SDS) micelles and phospholipid vesicles
(1:1 molar ratio of 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphate (POPA)
and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC)). Upon addi-
tion of vesicles or SDS micelles, apoC-III undergoes a secondary structural
change from disordered to a-helical as indicated by circular dichroism
(CD) spectroscopy. Using CD and fluorescence data, apparent membrane par-
tition constants were extracted. Though secondary structural formation is
comparable amongst the Trp variants upon vesicle binding, distinct site-
specific Trp environments are observed. The penetration depths of W42,
W54, and W65 into the vesicle bilayer also were assessed by using lipids la-
beled with the heavy-atom quencher, bromine, at different positions in the
lipid hydrocarbon acyl-chain.
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Proteins of the Ras superfamily are located at the inner leaflet of the plasma
membrane and play an important role in cellular signal transduction processes,
such as cell growth or differentiation. Since nanoclustering is discussed as an
effective signaling mechanism, determination of the rotational and transla-
tional dynamics of membrane-associated Ras proteins may help revealing ad-
ditional mechanistic information about protein clustering and interactions with
effector proteins. In this study, different biophysical approaches are combined
to investigate the partitioning behavior and dynamical properties of two Ras
isoforms, namely N- and K-Ras, in unilamellar vesicles of varied lipid com-
position. As model biomembrane systems, pure fluid-like (liquid-disordered),
neutral and anionic heterogeneous model raft membranes were used. Confocal
laser scanning microscopy was applied to gain information on the partitioning
of the Ras lipoproteins into the different model membrane systems. Fluores-
cence anisotropy and fluorescence correlation spectroscopy experiments were
carried out to yield information on dynamical properties, such as the rotational
correlation time and the translational diffusion coefficient, of the fullylipidated BODIPY-labeled Ras proteins. The results reveal a preferential in-
corporation of Ras into fluid-like liquid-disordered lipid domains, independent
of the Ras isoform and GDP/GTP-loading [1]. Although the rotational mobil-
ity remains quite high upon membrane insertion, the translational dynamics is
limited by the viscosity of the respective lipid system, in agreement with re-
sults obtained in in vivo studies. Depending on the nucleotide loading, no sig-
nificant differences could be detected with respect to the dynamics upon
membrane incorporation.
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The amyloid-b (Ab) peptides 40 and 42 are believed to feature in the synaptic
dysfunction and neuronal loss associated with Alzheimer’s disease. One pro-
posed mechanism for the synaptic loss is via the interaction between Ab and
cell surface neurotransmitters and receptors, which subsequently affect the
cell signaling. Another hypothesis is that formation of calcium-permeable
channels by Ab oligomers on the membrane directly disrupts calcium homeo-
stasis and triggers cell death. Both mechanisms are likely to involve peptide-
membrane interaction where the amphipathic cell membrane provides an ex-
tensive surface for amyloid interactions and is the primarily cellular structure
that Ab contacts with. Most of our knowledge comes from experiments done
at high Ab concentration (~mM, as compared with the nM peptide concentra-
tions in vivo) where peptide-peptide interactions in solution might bias the
real peptide-membrane interaction. Using single molecule total internal reflec-
tion fluorescence microscopy, we observe single Ab oligomers diffusing on
the membrane at physiological concentration (~4nM). Using single molecule
photobleaching and fluorescence intensity to assess the oligomers’ sizes, we
track individual peptide species as they diffuse in the membrane. Our studies
reveal a mixture of freely diffusing and membrane-immobilized oligomers
and show that the membrane accelerates Ab dimer formation. A comparison
of the membrane-bound oligomer species created by Ab40 and Ab42 yields
information on how the two additional residues on Ab42 affect the peptide-
peptide and peptide-membrane interactions. These studies help further our un-
derstanding of the role of peptide-membrane interactions in the formation and
growth of the amyloid-b oligomers that may contribute to Alzheimer’s
pathology.
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LfB6 (RRWQWR-NH2) is a small cationic antimicrobial peptide with broad
spectrum effectiveness that is derived from bovine lactoferrin. The mecha-
nism for interaction between the antimicrobial peptide and the bacterial cell
membrane is hypothesized to depend on lipid composition. Bacterial mem-
branes generally contain a significant fraction of negatively charged lipids
in contrast with zwitterionic mammalian membranes. Previously, we charac-
terized the interactions of an acylated LfB6 (C6-LfB6) with a model bacterial
membrane (3:1 POPE:POPG) and a model mammalian membrane (POPC).
We observed that for C6-LfB6, the Arg residues lead the interaction with
the POPE:POPG membrane, while the C6 tail is first to associate with the
POPC membrane. Here, we investigate the interactions of the non-acylated
LfB6 peptide with the same model membranes, using over 9 ms of all-atom
molecular dynamics as well as 24 ms of coarse grained simulations and we
compare our results to solid-state 2H and 31P NMR, and fluorescence spec-
troscopy. Molecular dynamics simulations reveal that the LfB6 peptide back-
bone does not penetrate as deeply in the model membranes as C6-LfB6.
Further, both the arginines and tryptophans of LfB6 associate with both model
membranes at the same time and the tryptophans of LfB6 are more deeply
buried in the model mammalian membrane than with the acylated peptide.
There is evidence in the simulation of hydrogen bonding to water by the tryp-
tophans in both acylated and non-acylated peptides in spite of the low local
water density and the burial depth found in the simulations. The results
also show subtle changes in the membranes’ structure between the acylated
and non-acylated peptides.
